A transformation system developed for Streptomyces lividans has been used in manycloning experiments in Streptomyces. However, it is not always applicable to other strains because many streptomycete strains have strong restriction activity.1} Thus, it is necessary to establish an improved transformation system in each strain. The use ofa "modified plasmid" that was obtained from the target strain having a restriction system sometimesovercomesthe problem. In this case, self-cloning experiments become to be possible using the modified plasmid as a vector,2) but a transformant that can receive the "unmodified plasmid" vector is necessary for the preparation of the modified subsp. notoensis KA3015) and S. tanashiensis strain Kala,6) respectively. Since the genes for biosynthesis of another benzoisochromanequinone antibiotic, actinorhodin, have been cloned,7) it is of interest to clone and characterize those for nanaomycin and kalafungin. Establishment of the transformation systems in the producing strains is necessary for cloning of the genes.
Here, we describe the isolation ofrestrictionreduced mutants from these strains.
Materials and Methods
Strains, plasmids and actinophages. The Streptomyces strains, plasmids, and actinophages used in this study are listed in Table I .
Mediaand culture conditions. Thesporulation medium for S. tanashiensis was described previously8) and that for S. rosa subsp. notoensis was YMS9)supplemented with lO mMMgCl2 and 8 mMCa(NO3)2. Phage techniques were as described by Chater and Wilde.10) To whomall correspondence should be addressed. 
Present work
Transformation. DNAwas isolated as described by Kieser.1^The transformation was done by the method described by Hopwood et al.12 ) with some modifications. Spores of S. rosa subsp. notensis KA301were inoculated in 10 ml ofYEME12) suplemented with 34% (w/v) sucrose, 5mMMgCl2, and 0.25% glycine in a 100-ml flask with a spring coil. The mycelia were harvested after shaking at 27°C for 65 hr. Protoplasts were prepared by the treatment of the mycelia with lysozyme (1 mg/ml). Transformation was done in T medium12) supplemented with 25% (w/v) polyethylene glycol #1,000 (Nakalai Tesque, Inc.) using 107 " 9 protoplasts. R2MYEmedium, which were prepared with R2YE12) supplemented with 0.02% bovine serum albumin and 0.018% asparagine monohydrate (instead of FeSO4-7H2O 0.04mg, sucrose 103g, and agar 22g in 1 1 (adjusted to pH 7.2 with 1 n NaOH)was overlayed with 2.5 ml of soft agar containing the transformed protoplasts, and then incubated at 30°C for 3-5 days.
Mutagenesis. Mutagenesis was done by treatment with In the case of S. tanashiensis strain Kala, thiostrepton-sensitive variants (Rl-1 to 8, R2-1 to 8, and R3-1 to 8) were obtained from three transformants (8 strains randomly from each transformant), and examined for transformation with 2fig of the multi-copy plasmid pKU206 propagated in E. coll. Six strains could be transformed with the plasmid, indicating by heat treatment of protoplasts, we examined the effects of heat treatment of protoplasts on the transformation efficiency in mutant R3-5.
As shown in Table IV , the incubation of protoplasts at 42°C for 5 to 30min greatly increased the transformation efficiency, and when the protoplasts were incubated at 42°C for 15min, the transformation efficiency reached 5.0 x 103 transformants/jug of DNA.
However, the regeneration frequency of protoplasts was reduced to 1/16. The temperature and period of incubation were critical for transformation efficiency; for example, incubation at 45°C for 5min gave a high efficiency, but that for more than lOmin gave no transformants. Incubation of protoplasts at 37°C for 5 to 30min did not affect the transformation efficiency. On the other hand, the heat treatment of the wild type strain did not improve its transformation efficiency under any conditions. The result suggests that the wild type strain contains at least two kinds of restriction systems and one of them is affected in mutant R3-5 and the other restriction activity is inhibited by heat treatment of protoplasts.
The restriction activity that is affected in the mutant R3-5 would not be inhibited by heat treatment. These results indicate that the heat treatment of protoplasts is effective in the inhibition of the restriction activity in mutant R3-5. Thus, a transformation system available for DNAmanipulation in S. tanashiensis was established. a Heat treatment was done at 42°Cfor 15min.
Transformation of antibiotic-producing wild type strains and their antibiotic-nonproducing mutants The transformation of the restrictionreduced mutants obtained as described above was tried. with the single-copy plasmid pKU3propagated in S. lividans TK24 increased to over 4000 times that of the wild type strain KA301. Whenthe pKU3isolated from the mutant was used for transformation, the transformation efficiency of the mutant further increased to 1250 times.
Nanaomycin-producing and -nonproducing strains (KA301 and nnm, respectively) were indicate that the plasmid pKU3was modified in mutant R13. Table VI shows the effects of the last host for plasmid preparation and of heat treatment on transformation of S. tanashiensis derivatives. The transformation efficiency of mutant R3-5 with the plasmid pKU4 propagated in S.
lividans TK24 increassed to over 1000 times that of the wild type strain (strain Kala). The plasmid pKU4isolated from mutant R3-5 transformed the wild type strain and kalafungin-nonproducing mutants (kal) at the efficiency of 103-105 transformants//ig of DNA. The transformation efficiency of mutant R3-5 was further increased to 8.4 times by using the plasmid propagated in the same strain. After modification of the plasmid in the target host, heat treatment was no longer necessary for transformation of the host. In the case of transformation of S. tanashiensis strain Kala and kal mutants, the transformation efficiency was the best when the plasmid propagated in the same strain was used. These results indicate that R3-5 is a restriction-and corresponding modification-reduced mutant.
Discussion
The restriction-reduced mutants were isolated from S. rosa subsp. notoensis KA301and S. tanashiensis strain Kala that produce the benzoisochromanequinone antibiotics nanaomycin and kalafungin, respectively. These mutants were transformed with the single-copy plasmid pKU3 or pKU4 propagated in S. lividans TK24. The antibiotic-producing (wild) and -nonproducing strains were also transformed with plasmids propagated in these mutants at high efficiencies. Thus, the transformation systems of both strains were established using the restriction-reduced mutants.
Examples of the selection of restriction mutants using the actinophage Pal63) and a multi-copy plasmid4) have been reported in S. albus and S. rimosus, respectively. The method described here consisted of two-step selection that was done by a multi-copy plasmid and phage for S. rosa subsp. notensis, or by multi-and single-copy plasmids for S. tanashiensis.
Since the preparation of a multi-copy plasmid was easy and the transformant carrying a multi-copy plasmid was easy to cure, it was used for the first selection. The selection of restriction mutants using actinophage is time-saving (it takes overnight) and does not need the curing step, which is required by the selection using plasmids, although it tanashiensis have multiple restriction systems.
The restriction-reduced mutants derived from both strains were considered to lack at least one of the restriction systems and other restriction system(s) would remain since the transformation efficiency of the mutants with the plasmid propagated in S. lividans TK24 was greatly increased. Furthermore, the mutants were also considered to be in the modification system that corresponds to the affected restriction system in the mutants because the transformation efficiency with a modified plasmid propagated in the mutants was higher than that with the plasmid propagated in S.
lividans TK24. If the mutants retained the modification system, transformation efficiency would not vary between modified and unmodified plasmids.
The transformation efficiency in the above Streptomyces spp. was improved by using restriction-reduced mutants, which could be transformed with the cloned genes of other Streptomyces strains. This method for isolation of restriction mutants can be used on other Streptomyces strains in which a transformation system is not established because of the involvement of restriction systems. The above restriction-reduced mutants are considered to be useful for cloning and analysis of the genes for antibiotic biosynthesis in Streptomyces.
